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              Self-field and quantized magnetic-flux are employed to generate the quantum numbers ,n  m  
           and l of atomic physics.  Wave-particle duality is shown to be a natural outcome of having a 
            particle and its self-field. 
 
 
 First consider a ball bearing held between two infinite walls by two mass less springs as an example of a 
particle and its self-field.  For the ball bearing mass m  
 
 )( 0xxkxm −−=
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         (1) 
 
with 0x  being the equilibrium position, k  the spring constant, and the overhead dot denotes total time derivative. 
 Equation (1) has the solution 
 
 txx ωξ cos00 += ,        0xx −≡ξ        (2) 
 
with 0ξ  denoting the displacement (relative to the equilibrium position) at t=0.  Thus 
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               With the interpretation 
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Eqs (4) then satisfy 
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which is identical to Eq. (1).  Eq. (5) can be taken as the heart of self-field (or electromagnetic reaction1,2) physics. 
It is what is expected in the absence of external forces.  If Eqs. (4) are substituted into Eq. (5) and then integrated 
over time 
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x  yields 
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               The self-field is extended in space (distributed throughout the spring).  Ignoring the possibility that the 
collapse process might introduce external fields, we see that the particle can not be captured until we also capture 
(i.e. collapse) the self-field (spring motion). 
 
                                    SELF-FIELD FOR AN ELECTRON ORBIT  
 
An electromagnetic system composed of a charge q  particle and interacting vector potential field has a 
canonical momentum P given by3 
 
P = p + 1−qc A.          (8) 
 
If  P =0 (corresponding to a total system momentum of zero) then there is agreement with the simple 
Eq. (7) result providing that 
 
p ( ) 1−= qcs A ( )s  .         (9) 
 
For a planar closed orbit Eq. (9) results in 
 
( ) ( ) ( )∫∫ Φ== sss c
qrdA
c
qrdp ϕϕϕ ϕϕ        (10) 
 
where ( )sϕΦ  is the magnetic self-flux linking the orbit φ  (it does not include flux associated with an external 
magnetic field). 
 Now for a simplification and the first crucial assumption; orbits are taken as circular ( Rr = ) and 
( ) 0, =
sA ϕϕ .  That is 
( )sAϕ  is uniform on the orbit.  As a consequence Eqs. (9) and (10) yield 
 
 ( ) ( ) ( )ss RA ϕϕ π Φ= −12  ,        ( ) ( ) ( )ss Rcqp ϕϕ π Φ= −12  ,     (11) 
 
so that for an s-state orbit (i.e. 0=ϕP , as ϕRP  is the particle and self-field system angular momentum) 
 
 ( ) ( ) ( )ssp Rcepp ϕϕϕ π Φ=−=
−1)2(  ,       (12) 
 
where e is the electron charge. 
 The second crucial assumption is 
 
 ( ) 1−=Φ hcens ϕϕ  , ,...3,2,1=ϕn  ,       (13) 
 
for the self-flux interior to a closed ϕ  circuit current.  Eq. (13) is reminiscent of the quantized flux associated  
with a persistent (superconducting) current.  This should not be surprising as a stable atomic orbit is certainly a 
persistent current. 
 From Eqs. (12) and (13) 
 
 ( ) ( ) 1)2( −=−= Rhnpp sp πϕϕϕ         (14) 
 
so that ϕn  will be provisionally recognized as the principal quantum number of conventional quantum mechanics 
(which is further justified by the energy expression of Eq. (17)), and the other  quantum numbers will be identified 
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in the next section.  Note that if 2ϕαnR , as for a Bohr atom, then 
( )spϕ  and 
( )ppϕ  vary as 
1−
ϕn .  Thus the momenta 
are expected to vanish, while, ( ) ∞→Φ sϕ as ∞→R .  
 The relativistic expression for the energy, E , of an orbiting charge q  in the presence of the electrostatic 
potential Ω  (infinite mass nucleus) is given by4 
 
 ( ) =Ω− 2qE (c P + c p ( )p ) 2 + 42cm ,                        (15) 
 
where P is the canonical (total) momentum of Eq. (8). 
 Expanding Eq. (15) to lowest order in field and momentum quantities, and again letting  eq −=  yields, 
again for s-states, 
 
 ( ) ( )( ) 12212 2 −− −+≈ RepmmcE pϕ  .      (16) 
 
The electrostatic origin of the centripetal force, along with Eqs. (14) and (16) then yields the Bohr states energies 
 
 ( ) 12242 2 −−≈ hϕnmemcEn  ,       (17) 
 
and differences between the state energies then gives the hydrogen spectra.  The procedure of including the 
particles self-field, along with quantized flux, thus leads to the standard (observed) hydrogen spectra of atomic 
physics. 
 Equation (14), upon identifying 12 −ϕπRn  as the wavelength, can be seen to be a version of the 
de Broglie relationship.  The version here is intimately connected to the presence of path curvature (while the 
conventional de Broglie relationship is claimed to be valid for a free particle).  Consequently there is a difference 
between conventional quantum mechanics and the self-field/quantized flux approach taken here. 
 All particle interference experiments have at least one particle path being a non-straight line, thus the 
curvature form of Eq. (14) could represent the greater validity.  If so, then wave-particle duality might be 
ultimately understood in terms of a particle and its self-field. 
 Here lack of a spot on a screen might be the result of the lack of a particle being present, rather than 
destructive interference between particle-waves.  An electron propagating from cathode to diffraction grating, and 
then to an anode screen, must have an electrical return path.  Thus there is an (are many) allowed closed path(s) 
which satisfy Eq. (13). 
 
                                                       ORBITS IN THREE DIMENSIONS 
 
 The concept of self-field is extended, in an obvious way, to the angular momentum 
 
 j ( )s = 1−qc  [rx( ( )ϕϕ
rsA ) + rx( ( )θθ
r
sA )] , or      (18) 
  
 j ( )s = 1−qc [ ( )θϕ
r
srA−  +  r ( )ϕθ
rsA  ]       (19) 
where ϕr  and θ
r
 are unit vectors.  Again for circular orbits 
 
 ( ) ( )ssRA θθπ Φ=2 ,    
( ) 1−
=Φ hcens θθ  ,   ,...3,2,1,0=θn             (20) 
 
Eqs. (11), (13), (19), and (20) then combine to give 
 
 j ( ) ( ) [ ( )θπ ϕ rss ncq 12 −=   + ( )ϕθ rsn  ] 1−hce  .      (21) 
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 Consider 
 
 J = j ( )p  + j ( )s  ,                     (22) 
 
with J being the total angular momentum.  The existence of s-states then implies that 
 
 J = ( ) ( )( )ps nn ϕϕ −−[ θr  + ( ) ( )( )ps nn θθ − ϕr  ]h ,                  (23)
                    
 
Where separate n indices have now been introduced for the particle and the self-field.  For a single electron 
system we can choose the coordinate system at will.  It is convenient to choose ( ) ( ) 0== ps nn θθ  .  With that 
choice 
 J = ( ) ( )( )hsp nn ϕϕ − ϕr  .                           (24) 
 
 Imagine an electron initially at infinity with ( ) ( ) ∞== sp nn ϕϕ .  It falls inward towards the nucleus by 
radiating a photon from the self-field, resulting in a p-state.  Although the source of quantization is the flux, an 
imbalance between the self-field and particle can occur.  Thus for a photon mediated transition 
 
 ( ) ( )( ) 1±=−∆ sp nn ϕϕ          (25) 
 
leading to the identification of the orbital quantum number l  as a measure of that imbalance. 
 
 l  = ( ) ( )sp nn ϕϕ − .          (26) 
 
 Now turn on a magnetic field in the z-direction.  θ
r
  can be resolved into z and ρ components.  If  J ≠ 0 
is always associated with a non-zero total  magnetic moment, then the ρ  component of J is acted on by a 
magnetic torque, resulting in the generation of a ϕr  component of J (the ρ  component precesses about the z-
axis).  The result, from Eq. (23), is 
 
 ( ) ( ) 0≠−= ps nnm θθ .         (27) 
 
Because ( )snθ and 
( )pnθ are restricted to integers, m (not to be confused with mass) is also restricted to integers.  
Lastly, for 0=m  as the pre-external magnetic field condition, along with conserved J , we have 
 
 .l≤m           (28) 
 
 m is thus recognized as the magnetic quantum number of the more conventional quantum mechanics.  
Here 0=l does not denote a zero angular momentum state for the particle, but rather zero angular momentum for 
the particle and self-field system. 
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